It will be noted from the large standard deviations of the top half of Table 1 that the material proved rather variable. There are some indications that 3,3-tetramethyleneglutarate has a greater effect on fructose pool size in dystrophic muscle, but this cannot be proved statistically on this sample. The lower half of Table 1 shows an effect of 3,3-tetramethyleneglutarate on fructose labelling, but no statistically significant difference between 'dystrophic' and 'other' muscle on such small samples. It may be seen that there is little difference between fibre-bundle preparations and homogenates except that 3,3-tetramethyleneglutarate decreased the total, excluding glucose, label uniformly in homogenates. When the results for fibres and homogenates are combined (giving a comparison between five 'dystrophic' and seven 'other' specimens) then it is found that the effect of 3,3-tetramethyleneglutarate on fructose labelling ( % of total, excluding glucose) is greater in 'dystrophic' muscle than in 'other'. The value in the presence of 3,3-tetramethyleneglutarate, as a percentage of control value for 'other' muscle specimens (meanfsm.), was 85.6f45.9%; for 'dystrophic' specimens the mean was 52.5&29.0"/, (0.2<P<0.1).
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These results, although comparing two rather heterogeneous groups of patient material, demonstrate that inhibition of aldose reductase causes a significant decrease in the metabolism of glucose to fructose and other substances. Further, the effects on fructose formation are greater in dystrophic muscle, confirming earlier results (Ellis et al., 1973; Strickland & Ellis, 1973) that the aldose reductase pathway of glucose utilization is of greater significance in childhood muscular dystrophy than in other conditions of muscle. It has recently been shown that ethanolamine and 1-aminopropan-2-01 are catabolized by phosphorylation followed by formation of the aldehyde. This process, metabolically equivalent to the cobamide-dependent deamination of ethanolamine, is catalysed by the sequential action of kinase and phospho-lyase enzymes. Some properties of these biodegradative enzymes, from two genera of bacteria, have been described (Jones &Turner, 1971 Jonesetal., 1973) . Thephosphorylation ofethanolaminealsooccurs in higher organisms, and an ethanolamine 0-phosphate phospho-lyase has been purified from mammalian sources (Fleshood & Pitot, 1970a,b) . Isotopic studies have demonstrated the preferential incorporation of C atoms from ethanolamine into fatty acids in rats (Sprinson & Coulon, 1954; Sprinson & Weliky, 1969) . Whereas the ethanolamine kinase in mammals is usually thought of as a biosynthetic enzyme primarily involved in phospholipid biosynthesis, the CDP-diglyceride pathway operates in bacteria and ethanolamine kinase plays a purely catabolic role. Biodegradative ethanolamine kinase and I-aminopropan-2-01 kinase are formed only when the amino alcohol serves as a Table 1 .
Someproperties of ethanolamine kinases and ethanolamine O-phosphatephospholyases of bacterial origin
Bacteria were grown on a medium containing (per litre) 8.Og of KH2P04, 0.lg of MgSO4,7H20, 0.3g of Na2S04, 4.0g of glycerol and 1.Og of ethanolamine. In the case of Flavobacterium species, the medium was supplemented with 3.0g of sodium succinate and 0.1 g of yeast extract. Media were adjusted to pH7 before sterilization by autoclaving. Other details of cultivation, the preparation of extracts and the assay of enzyme activities were as previously described for Erwinia species . The enzymes of F. rhenanum were partly purified by chromatography on DEAE-cellulose by the general procedure also described . N.D., Not done. substrate for growth, and are activated by ADP. The biodegradative ethanolamine kinase and related enzymes in Flavobacterium and Achromobacter species are described here and compared with the enzymes previously found in the genera Pseudomonas and Erwinia (Jones & Turner, 1971) . Flavobacterium rhenanum (N.C.I.B. 91 57) and Flavobacterium arborescens (N.C.I.B. 8185) both grew well on glycerol, with ethanolamine or 1-aminopropan-2-01 as the N source. Aldehyde accumulated during the growth of F. rhenanum, but not F. arborescens, with either amino alcohol. Extracts of F. rhenanum lacked aldehyde dehydrogenase activity. Extracts of each microbe exhibited ethanolamine kinase and ethanolamine 0-phosphate phospho-lyase activities after growth with either amino alcohol as the N source. Properties of these enzymes purified from F. rhenanum are given in Table 1 . Whereas the kinase in crude extracts (100-200nmol of phosphate ester formed/min per mg of protein) was markedly stimulated by ADP, purification appeared to desensitize the enzyme. Kinase activity was markedly dependent on Mg'+ ions, a concentration equal to that of ATP being required for maximum activity at pH8. Some properties of the phospho-lyases from both Flavobacterium species are given in Table 1 . Of the compounds tested as inhibitors of phospho-lyase, nL-threonine 0-phosphate was the most Table 2 . Efect of growth conditions on ethanolamine 0-phosphate phospho-lyase activity in crude extracts of bacteria Bacteria were grown as described for Table 1 except that the C and N sources for growth were as shown. Glycerol was used at 4.0g/l and ethanolamine, DL-1-aminopropan-2-01 or (N&)2so4 at l.Og/l. Nutrient broth contained 2S;d Oxoid Nutrient Broth no. 2 (CM 67), supplemented where indicated with 1.Og of amino alcohol/l. Phospho-lyase activity was assayed as previously described effective substrate analogue, hydroxylamine was the most inhibitory pyridoxal phosphate reagent and neither iodoacetamide nor iodosobenzoate was inhibitory at 5 mM. Phospho-lyase formation was repressed by the addition of (NH4),S04 to growth media. Only low activities were found after growth on rich broth media, even when supplemented with amino alcohols (Table 2) . Achromobacter sp. N.C.I.B. 9205 was capable of growth on either ethanolamine or I-aminopropan-2-01 as C and N source in media supplemented with 0.02 % yeast extract.
Micro-organism
Growth was slow, however, and glycerol and succinate were used as a routine as the major C sources with amino alcohols as N sources. Both kinase and phospho-lyase enzymes were present after growth on such media. No aldehyde accumulated during growth, further metabolism of acetaldehyde or propionaldehyde being facilitated by an NAD+-dependent aldehyde dehydrogenase. The ethanolamine kinase of the Achromobacter sp. was also active with I-aminopropan-2-01, but little additional information was obtained. The phospho-lyase was formed only when ethanolamine or its higher homologue was used as the N source for growth. The properties of theenzyme, similar to those of the enzyme from Flavobacterium species, are summarized in Table 1 . Results showed that ethanolamine metabolism by F. rhenanum closely resembled its metabolism by Erwinia carotovora . The two-step deamination of ethanolamine was regulated by the availability of alternative N sources, the carbon skeleton being eliminated as acetaldehyde. For F. arborescens and the Achromobacter sp., NH4+ again repressed phospho-lyase formation, but acetaldehyde did not accumulate and was metabolized. This resembled the situation with Erwinia milletiae . A comparison of K,,, and V,,,,,. values for both enzymes suggested that ethanolamine rather than 1-aminopropan-2-01 was the 'physiological' substrate.
In contrast with bacteria of the order Eubacteriales, a number of pseudomonads use the kinase-phospho-lyase route for degradation of 1-aminopropan-2-01s rather than ethanolamine. For Pseudomonas sp. N.C.I.B. 8858, growth with ethanolamine as sole N source induced the formation of ethanolamine deaminase (ammonia-lyase). Only 1 -aminopropan-2-01s induced kinase and phospho-lyase biosynthesis. A comparison of VOl. 2 K, and V,,,,,. values for ethanolamine, 1 -aminopropan-2-01s and their phosphate derivatives, with the kinase and phospho-lyase enzymes respectively, indicated that the pathway in Pseudomonas sp. N.C.I.B. 8858 was concerned with 1-aminopropan-2-01 degradation. (L-1-Aminopropan-2-01 is a metabolite of aminoacetone, derived from L-threonine, and D-1-aminopropan-2-01 is a fragment of vitamin B12 compounds.) It was noteworthy that the addition of (NH4)$304 to cultures growing on DL-1-aminopropan-2-01 as N source did not repress kinase or phospho-lyase formation. It appears likely that the ability to degrade ethanolamine via its 0-phosphate ester is widespread. A small-scale survey of bacteria has revealed several members of the order Eubacteriales with this ability. it is clear that ethanolamine kinase functions in a biodegradative mode in these bacteria, in contrast with its biosynthetic function in higher organisms. The possibility that a biodegradative isoenzyrne form of ethanolamine kinase may operate in mammals is not ruled out and indeed is supported by isotopicevidence.
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